Lifestyle INTERPRETATION Owing to an increasing population, the number of children living with CP in England and Wales will increase by 2020. This will have significant implications for health and social care service planning.
The improvement of health, well-being, and quality of life of all children in the UK is a public health priority, as reflected by recent government policies, including the Children and Families Act 2014 (http://www.legislation.gov.uk/ ukpga/2014/6/contents/enacted). In particular, children with disabilities and those with special educational needs require an effective system of identification and monitoring in each region in order to allocate appropriate resources to support health and social care service planning. However, there are limited data available on the number of children with a disability by region, and limited understanding of their met and unmet needs, 1 especially by specific medical condition. Cerebral palsy (CP) is a common cause of childhood disability. During the last three decades, the overall prevalence of CP has remained relatively stable over time and across countries, ranging between 2 and 3.5 per 1000 live births. [2] [3] [4] [5] [6] [7] Children with CP have a much higher mortality rate than children without CP, which is mostly attributed to children with severe impairments. [7] [8] [9] [10] Evidence regarding improvement in CP survival over the last three decades is inconsistent, with increasing survival in some countries but not in others.
in December 2015. The North of England is a geographically defined area (comprising counties of North Cumbria, Northumberland, Tyne and Wear, Durham and Darlington, and Teesside) with a stable population of almost three million and approximately 32 000 births/year, characterized by a relatively low percentage of minority ethnic groups (about 5% in 2011, Office for National Statistics [ONS] data).
NECCPS prospectively recorded infants with CP born to mothers who were resident in the Northern Region from 1991 (data collection ceased on 31 March 2016). Details of case ascertainment and data notification are described elsewhere and in Appendix S1 (online supporting information). 6 For this analysis, cases due to a known post-neonatal insult were excluded, resulting in cases with congenital CP only. All analyses were restricted to children with CP aged 3 years and above, to acknowledge that deaths due to CP prior to this age were likely to be under-reported, 8 and because the severity information for these young children was mostly missing.
Classification and definitions
NECCPS uses the Little Club definition of CP, updated by Bax, 13 and -as a member of the Surveillance of Cerebral Palsy in Europe collaboration -follows the Surveillance of Cerebral Palsy in Europe inclusion criteria (Appendix S1). 14 Cerebral palsy severity used for the survival analysis was classified using two types of measurements: (1) the number of severe impairments (a, lower limb; b, upper limb; c, intellectual; d, vision; e, hearing impairments); (2) a measure of impact of disability on the child and family, the lifestyle assessment questionnaire, a specific NECCPS severity measure. We used binary categories 'severe' and 'not severe' to classify impairment variables recorded at the age of 5 years. The impairment was defined as severe if the child: (1) was unable to walk without aids; (2) was unable to self-dress (e.g. to put on a t-shirt); (3) had severe or profound intellectual disability (intelligence quotient [IQ]<50); (4) was blind or had no useful vision; (5) had profound or severe loss of hearing (>70db). 6, 15 The lifestyle assessment questionnaire covers six dimensions (physical independence, mobility, clinical burden, schooling, economic burden, and social integration), from which a global lifestyle assessment score (LAS) is derived. 16 The LAS is expressed as a percentage, with a maximally disadvantaged child scoring 100 per cent. We defined children with LAS lower than 30 per cent as having mild impairment, LAS 30 per cent to 69 per cent as moderate, and LAS at or above 70 per cent as severe impairment, as defined in previous research. 6 A typical child with a LAS lower than 30 per cent completes most but not all self-help activities alone, attends mainstream school with some assistance, and has minimal additional needs, whereas a typical child with a score at or above 70 per cent undertakes only a few self-help activities and requires specialized education and health and social care, resulting in substantial economic and social burden for society and the family. Children who died before the LAS was measured were included in the most severe group (≥70%).
Statistical analysis
The number of live births for England and Wales by region and year of delivery for 1998 to 2013 was obtained from the ONS published data (e.g. for 2013 'Child Mortality Statistics, 2013' 17 ) as were projected births for 2014 to 2016. 18 The number of children who reached 3 years of age between 2001 and 2019 was estimated by applying the national survival rates to the number of live births by region conditional to the year of birth (Fig. S1 , online supporting information). As the number of deaths was available for the age groups below 1 year (85% of all deaths at <5y) and 1 to 4 years only, we assumed that the percentage of deaths in children aged 1 to 2 and 3 to 4 years was equal (50%). For example, there were 635 549 children born in England and Wales in 1998, of whom we estimated 631 446 (99.4%) would reach the age of 3 years in 2001.
The average prevalence of CP in the 3-year-old children delivered during 1991 to 2000 in the North of England (NECCPS data) was calculated per 1000 children of this age. Trends in CP prevalence over time were examined using Poisson regression adjusted for year of birth and severity. As there was no evidence of any temporal trends (data not shown), we used the average prevalence in the North of England (for those who turned 3 years of age during 1994 to 2003) to estimate the number of children with CP who reached 3 years of age between 2001 and 2019, in each region.
Kaplan-Meier survival probability for 2-year survivors with CP (NECCPS data) was calculated up to the sixteenth birthday according to CP severity (by number of severe impairments and by LAS) and the survival curves were plotted. Differences in survival between severity groups were assessed using the log-rank test. 19 Cox regression, with year as a continuous explanatory variable, was performed to examine linear trends in survival of those who • Fifteen-year survival estimates in children with cerebral palsy (CP) differ significantly by severity.
• The lowest survival estimates (64-67%) are for those with the most severe CP.
• We estimate 22 100 children (3-15y) with CP in England and Wales by 2020.
• Two-thirds of these children will likely have moderate or severe CP.
• This is a 7.5% estimated increase in the number of children with CP in England and Wales.
2014, we used the 15-year survival rate for children born during 1998 and 2002, the 10-year survival rate for children born during 2003 and 2007, and so on. SPSS 21.0 (IBM, Armonk, NY, USA) was used for the survival analysis and GraphPad Prism v 5.01 (GraphPad Inc., La Jolla, CA, USA) was used to plot the survival curves. Poisson regression was performed using STATA 14.1 (StataCorp, College Station, TX, USA). p-values lower than 0.05 were considered statistically significant.
Ethics approval
For this study we used anonymised data of children recorded on the NECCPS. The NECCPS has ethics permission, which includes permission to analyse anonymised data. Parents give permission for their child's name to be on the database and reports of analysis of anonymised data to be undertaken. Parents know what data are held about their child and contribute to the NECCPS data by completing a questionnaire. Table I shows the number of deaths in children aged 3 to 15 years old and the cumulative survival percentage in children with CP in different severity groups using two severity measurements (NECCPS data). Children with the most severe CP, that is, with 3 or more severe impairments and with LAS at or above 70 per cent, constituted a similar proportion of children, 16.6 per cent and 19.4 per cent respectively (Fisher's exact test of proportions, p=0.14).
RESULTS

Out
The mortality rates up to the first 16 years of life were the highest in these groups of children.
The survival curves of children with CP by severity who were alive at 3 years of age are presented in Figure 1 . The 15-year survival percentages for children with no or one severe impairment or with LAS below 70 per cent ranged between 97 per cent and 100 per cent. The 15-year survival percentages for children with severe CP were the lowest at about 63.5 per cent in children with 3 or more severe impairments and 66.5 per cent for those with LAS at or above 70 per cent (Fig. 1, Table I ), all much lower than for those with less severe CP (log-rank Mantel-Cox test p<0.001). Survival did not alter significantly over the study period, overall (hazard ratio 0.95, 95% CI 0.87-1.03; p=0.22) or after adjustment for severity (hazard ratio 0.98, 95% CI 0.89-1.07; p=0.61). Table II shows the total estimated number of 3-to 15-year-old children living with CP in England and Wales, and by English region by 2014, the estimated number of children aged 3 to 15 years with at least one severe impairment (44.7% of all children aged 3-15y with CP in England and Wales), with moderate or severe CP (LAS≥30%, 65.7%), and with severe CP (LAS≥70%, 15.3%). Table III shows the estimated prevalence of CP by severity in children aged 3 to 15 years in England and Wales by 2020 (per 1000 children aged 3-15y). By 2014, 1509 children with CP in England and Wales (7.3% of all children aged 3-15y), 661 (7.2%) of children with at least one severe impairment, 982 (7.3%) of children with LAS≥30%, and 210 (6.7%) of children with LAS≥70% were estimated to have approached the age of 16 years, when transition from child to adult services begins for many children.
By the beginning of 2020, we estimate there will be 22 077 children aged 3 to 15 years living with CP in England and Wales, a 7.5 per cent increase compared with Those with missing severity data who died aged 3 to 5 years (n=9) were included in the most severe category (with ≥3 severe impairments or LAS≥70%); the group with ≥3 severe impairments contained 127 children with both severe walking and intellectual disability (inability to walk without aids and IQ<50) and at least one other severe impairment, eight children with severe walking disability and two other severe impairments (upper limb and/or vision or hearing) but not severe intellectual disability, and one child with severe intellectual disability and severe upper limb and vision impairments but not severe walking disability.
2013 (Table II) . Nearly half of these children (n=9869; 44.7%) will have at least one severe impairment, 65.6 per cent (n=14 493) will have moderate or severe CP (LAS≥30%), and 15.3 per cent (n=3375) severe CP (LAS≥70%). In England and Wales, 666 children with at least one severe impairment, 988 children with moderate or severe CP (LAS≥30%), and 212 children with severe CP (LAS≥70%) will be approaching 16 years of age by 2020.
DISCUSSION
To our knowledge, this is the first study to report the estimated number of children with CP aged 3 to 15 years in England and Wales and extrapolates these data to predict numbers by 2020. Using population-based register data from the north of England, we found that 15-year survival in children with CP differed significantly by severity, ranging between 97 per cent and 100 per cent for children with non-severe CP, and between 64 per cent and 67 per cent for those with severe CP, irrespective of severity measurement. By 2020 we estimate there will be approximately 22 100 children aged 3 to 15 years living with CP in England and Wales, around two-thirds of them with moderate or severe CP, a group of children that needs access to specialized health and social care services. The information on the number of children with CP reaching 16 years of age is important for planning transition of these children to adult health care services.
Our findings on the CP prevalence and survival of children with CP of different severity are consistent with previously reported differences by severity in both children and adults. 3, 5, [8] [9] [10] 20 The novel aspects of the study are the predicted CP population prevalence rates and the estimated number of children with CP of various severity in England and Wales by 2020.
Our study benefits from the inclusion of populationbased data from a well-established prospective CP register (NECCPS) in a well-defined geographical area. A major strength of the NECCPS is that it is based on a longstanding collaboration of local clinicians from all 15 geographical districts in the region. High case ascertainment is ensured as cases were notified from multiple sources via the regional network of interested clinicians, and data records were held at the Regional Maternity Survey Office on a single database linked to other regional registers. We deliberately restricted our data collection to a single register, acknowledging the advantages of consistent inclusion criteria and unique variables collected by the NECCPS which capture the impact of CP on the child and family, the lifestyle assessment questionnaire. We used two measures of CP severity (including LAS) and found very similar survival between these measures, which supports the robustness of our survival estimates. We used ONS projected births, which are based on fertility, mortality, and immigration rates, to more reliably estimate the number of children with CP. Additionally, we accounted for changes in survival over time by using 15-year survival relating to However, our study has some limitations. We applied the North of England CP prevalence and survival rates to estimate the number of children living with CP in different regions in England and Wales assuming a stable CP prevalence over time and equal survival trends across regions, although regional differences have been reported. 8 However, the stable rate of children with a disability in the UK over the last few years, 12 and the relative stability of CP rates from the early 1990s, in particular for term births, and across countries, 5, 6, 21 in addition to lack of evidence in relation to improvement in the survival over time, 8, 9, 11 suggest that an error in estimation of the number of children with CP resulting from temporal changes would be marginal. We restricted our survival analysis to children with CP delivered during 1991 to 2000 as, firstly, we would not have achieved a sufficiently long follow-up period for the 15-year survival if we used more recent data; and, secondly, for 2001 to 2010, there was an apparent under-ascertainment of CP cases to the NECCPS, which would have resulted in an underestimation of CP prevalence. Although this reduced the number of cases included in the survival analysis, it ensured that the data used were based on high completeness of case ascertainment. The NECCPS system of death ascertainment warranted that all deaths of children in our cohort living in the region were identified up to 2014. Deaths that occurred among children who were not flagged with the National Health Services Central Register for England (born in 2000) and moved out of region might have been missed, but this under-ascertainment likely applies to very few cases. Another limitation was a relatively high percentage (nearly 20%) of cases with missing severity information based on the lifestyle assessment questionnaire compared with 6 per cent in the severity measurement based on the number of severe impairments. In fact, only 5 per cent (n=47) of survivors by age 3 years have missing severity information based on both measurements. Other cases with missing LAS have the number of impairments recorded, which gives a good indication of severity in this group (41% with no severe impairment, 17% with one, 6% with two and 9% with ≥3 severe impairments).
Although a focus of this study is congenital CP, children with post-neonatally acquired CP (who account for about 5 per cent to 10 per cent of all CP cases) 7, 22 will have similar needs that need to be taken into account when planning services and resources.
Our predictions can be used to estimate the costs associated with specialized health and social care services utilized by children with CP. This is of particular importance in light of current cuts in health and social care services due to austerity policies. While an estimation of costs was beyond the scope of this study, we conducted a review of literature published over the last two decades that estimated the economic costs of CP. We found that there was no universally agreed approach to medical and social care cost estimation of a lifelong condition such as CP. The identified studies, most based outside Europe, used different approaches and varying types of estimated costs, which resulted in a large variation in care costs estimates for individuals. The two European studies identified (a Dutch cost-of-illness study for intractable spastic CP in children, 23 and a Danish study quantifying lifetime costs of CP 24 ) were in agreement that the largest cost component was non-medical cost during childhood. Additionally, we found no published studies in the UK that estimated the economic costs of care for children with CP. However, health and social care annual costs for young adults (aged 18-25y) with CP in the UK were estimated to be £7900 (2005 prices) per person. 25 When costs for formal (paid) personal assistance were included, the annual costs per person were estimated to be almost twice as high (£14 500) resulting in £74.3 million and £136.6 million total annual health and social care costs respectively. 25 
Conclusion
The study estimates that by 2020, the predicted number of children aged 3 to 15 years living with CP in England and Wales will be about 22 100, a 7.5 per cent increase compared with 2013. Forty-five per cent of these children will have at least one severe impairment and two-thirds will have moderate or severe CP. This information is important for health and social care service planning. orative Cerebral Palsy Survey was funded by Public Health England. The funder had no role in study design or conduct, data collection, data analysis, data interpretation, or in the preparation, review, approval, or submission of the manuscript. The authors have stated that they had no interests that might be perceived as posing a conflict or bias.
SUPPORTING INFORMATION
The following additional material may be found online:
Appendix S1: The number of children surviving to 3 years of age in England and Wales born during 1998 and 2020. Figure S1 : Definition of cerebral palsy, inclusion criteria according to the Surveillance of Cerebral Palsy in Europe collaboration, and detail on case and death ascertainment in the North of England Collaborative Cerebral Palsy Survey (NECCPS).
